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Water is a core topic in standards for science teaching and learning across the K-12
continuum (NGSS Lead States, 2013; National Research Council [NRC], 1966), though research
has shown that the American public may possess relatively underdeveloped ideas about water
systems (AMNH, 2005). Those who have a better understanding of groundwater systems tend to
recognize the impacts that overuse has and express greater concern about conservation of the
resource (Pan and Liu 2018). One way to support students’ learning about groundwater is through
the use of groundwater modeling tools. Computer-based models have been shown to be effective
in supporting K-12 teaching and learning about a variety of Earth systems (e.g., Svila & Linn,
2011). In this study, 7th grade students use the Hydrogeology Challenge (HGC), a data-driven,
computer-based groundwater modeling tool to understand how groundwater flows, and how
groundwater contamination might occur in an aquifer. Students’ ability to understand the elements
within the model was investigated by analyzing student assessments. Findings suggest that
students could more easily identify water processes and human components of water systems than
they could natural components. Specifically, students struggle to interpret contour lines and
elevation, which are important to understand when learning about groundwater systems.

Introduction
Water is a valuable natural resource that is vital to all life, making water education crucial
for our future. Although many Americans are concerned about water issues, such as water
quality and pollution, many do not feel confident about their knowledge of the water cycle and
about one third are unfamiliar with the water cycle (American Museum of Natural History
[AMNH], 2005). This is problematic because the decisions people make in their everyday lives
will have an impact on natural resources and environment, including our water. With Earth’s
growing human population and changing climate, water resources will continue to be under
increasing pressure. Whether it be water conservation or water quality, voters will likely have to
make decisions in their lifetimes about how to manage the resource. To make informed decisions
about these water related socio-scientific issues, or social dilemmas related to science, we first
should have a sound understanding of the water cycle itself. Particularly in Nebraska, which is
home to part of the High Plains Aquifer, groundwater issues such as water conservation and
water quality should be of importance to those who reside here. Thirty percent of groundwater
used for irrigation comes from this aquifer, and it provides drinking water to 82% of the people
living within its boundary (Dennehy et al., 2002). The groundwater levels of this vital resource
are declining (McGuire, 2017), which means this is an issue that Nebraskans will eventually be
faced with, if they have not been impacted already.
While Americans have interest in learning about water as it relates to their lives, they
may not be equally as eager to learn about the science of water processes (AMNH, 2005). Yet,
water is an important topic in standards for K-12 science teaching and learning (NGSS Lead
States, 2013; National Research Council [NRC], 1996). However, research has shown that
students have many alternative ideas about water and Earth’s water systems (Baumfalk et al., in

press; Covitt et al., 2009; Dickerson & Callahan, 2006; Forbes et al., 2015; Zangori et al., 2017).
Specifically, students tend to focus on surface water while ignoring or deemphasizing
groundwater (Sadler et al., 2017; Zangori et al., 2017). Students who have a better understanding
of groundwater systems tend to recognize the impacts that overuse has and express greater
concern about conservation of the resource (Pan and Liu 2018). Having a connected
understanding of water in the environment is essential for responsible decision making about
environmental issues (Covitt et al., 2009). Since most students get their ideas about groundwater
from school (Pan and Liu, 2018), it is important to refine the way we teach the subject.
One way to support students’ learning about groundwater is through the use of
groundwater modeling tools. Scientific models are a crucial tool with which hydrologists study
water systems, including groundwater. Scientific modeling is one of eight Science and
Engineering Practices emphasized by the Next Generation Science Standards (NGSS Lead
States, 2013), in which students across the K-12 grades should engage. This is particularly true
for teaching and learning about water (Schwarz et al., 2009), however, few such resources are
available for K-12 teachers and students. Here, we developed and piloted a middle school
science curriculum module that engaged 7th-grade students in learning about groundwater
through the use of the Hydrogeology Challenge (HGC), a data-driven, computer-based
groundwater modeling tool that helps students understand how groundwater flows, and how
groundwater contamination might occur in an aquifer. The purpose of this study is to understand
how 7th-grade students connect elements of the HGC to real-world water-related phenomena as
part of their model-based reasoning. Using curriculum-embedded modeling tasks completed by
students during the module, we aim to understand the challenges that students have with the

model, so these challenges can be addressed, and students can better learn about groundwater.
The research questions that will be addressed are:
1) Do students accurately identify the model elements with their real-life counterparts?
2) Do student assessment scores differ between teachers?
3) What misunderstandings do students have about the model elements, if any?

Background and Prior Research
Research on Teaching and Learning about Water
There has been significant prior research on teaching and learning about water in K-12
science learning environments (Baumfalk et al., in press; Covitt et al., 2009; Forbes et al., 2015;
Schwarz et al., 2009). However, overall, this research has shown that students generally do not
focus on groundwater in their learning and reasoning about water and water systems. For
example, research using qualitative data from students in the Midwest found that only about 27%
of the students incorporated groundwater into their illustrations when asked to draw their idea of
the hydrologic cycle (Shepardson et al., 2009). Students drew their water cycle in a mountainous
or coastal environment rather than in an environment that represented the topography of where
they lived. They showed water storage in lakes and oceans much more often than in
groundwater.
Why do students deemphasize groundwater in their reasoning about Earth’s water
systems? This may be because groundwater is not highlighted in science education standards as
much as other parts of the water cycle (Dickerson et al., 2007), and textbooks tend to highlight
water storage in lakes and oceans, rather than groundwater (Pan & Liu, 2018). Learning about
groundwater also tends to be more challenging for students than learning about surface water.

When textbooks do show groundwater, they may illustrate it as a blue pool of water underground
(Unterbruner et al., 2016). This is not reality for most groundwater sources in the United States.
These inadequate representations of groundwater in textbooks may lead to a flawed
understanding of the concept (Unterbruner et al., 2016). The idea that groundwater occurs as an
underground lake is common even among people who have completed undergraduate geology
coursework (Dickerson & Callahan, 2006). Many fail to understand that groundwater is held in
the spaces and crevices of rock and soil, or see no relationship between groundwater and the
surrounding rock (Ben-zvi-Assarf & Orion, 2005). Students also tend to disconnect groundwater
from the rest of the environment (Pan & Liu, 2018). Teachers also hold alternative ideas of
groundwater, and most have not received formal instruction about groundwater concepts. When
teachers do not have a proper understanding of groundwater, they may choose to give limited
instruction on the concept, or avoid teaching it (Dickerson et al., 2007).
Another reason students do not put emphasis on groundwater may be because they have
more personal experiences with oceans, rivers, lakes, and streams that support their learning,
while they do not have these same experiences with groundwater (Sadler et al., 2017). Since
groundwater cannot be seen, representations of groundwater systems are used to teach about the
topic. Research suggests that children may have trouble learning about a geographical feature if
they cannot interpret its two-dimensional representation (Mackintosh, 2005). Since students have
difficulties visualizing 2-D representations in 3-D, they often struggle to interpret topography
and elevation (Rapp et al., 2007; Taylor et al. 2004), which are important to understand when
learning about groundwater systems.

Scientific Models and Modeling

Models are used by scientists to illustrate and learn about phenomena that can’t be
observed directly. There is evidence that using models in the classroom can promote student
learning by encouraging science inquiry and improving content knowledge (Schwarz & White,
2005). Despite this, models are rarely included in middle school classrooms (Schwarz et al.,
2009). This may be because of lack of resources, or because teachers may have a limited
understand of how models are used in science (Van Driel & Verloop, 1999). If models used in
the classroom are not properly understood they may actually hinder learning (Cosgrove &
Schaverien, 1997), which makes it essential for students to understand the HGC if they are to
have a meaningful learning experience. Students also may not understand the purpose behind
using a model in a classroom (Barowy & Roberts, 1999). These issues can lead to challenges
while using models to learn about a phenomenon.
Computer-based models have been shown to be effective in supporting K-12 teaching
and learning about a variety of Earth systems (e.g., Svila & Linn, 2011). There is limited
evidence that this is also the case for teaching and learning about water. Previous findings
suggest that interactive tools may be supportive in groundwater education. For example, research
has shown that using multimedia tools to learn about groundwater helped seventh graders and
future teachers by increasing knowledge about groundwater (Unterbruner et al., 2016). Using the
tool also helped students and teachers to overcome misconceptions, such as the idea that
groundwater occurs as an underground lake or river.

Methods
Context/participants

This study took place in a single middle school in a suburban district in Nebraska. Two
seventh grade classrooms (n=209) participated that were taught by two different teachers. The
teachers developed an activity that used the hydrogeology challenge model to learn about
groundwater. This activity was part of their curriculum and was taught for three weeks at the end
of the school year. Each teacher taught multiple class periods of 7th-grade science. Students in
this study were students in these teachers’ classrooms experiencing the normal, standards-based
7th-grade science curriculum.
The Hydrogeology Challenge
The Hydrogeology Challenge (HGC) is an online modeling tool that introduces students
to groundwater resources. By using this tool, students can learn about the basic groundwater
characteristics such as flow direction, gradient, and horizontal velocity. Students will also learn
about how water conditions will change when wells are pumping water out of the ground, and
about the relationship between soil type and hydraulic conductivity. This tool can easily be used
in the classroom to further learn about the movement of groundwater contaminants. The HGC
allows students to learn about groundwater in several different locations, one being the High
Plains Aquifer.
To start the HGC, students first choose a scenario, or location. From the map given, they
choose any three wells to use for the remainder of the activity. In step 1, shown below in figure
1, students use the water table elevations at the wells, and the distance in between the wells to
determine the direction of groundwater flow. Next, students will calculate the gradient, or the
slope, along the flow direction. The horizontal velocity, or the speed at which groundwater is
flowing, is calculated using Darcy’s Law. The gradient, hydraulic conductivity, and porosity are
used to make this calculation. Conductivity and porosity values are given for each well, students

use the values from the well with the highest water table elevation. Using this information,
students calculate the horizontal velocity in feet per day. Students then use this information to
complete the HGC assessment which asks students to make predictions about the direction a
contaminant spill might flow, and what wells may be in danger.
Figure 1: Hydrogeology Challenge

Curriculum Module
The research team and one of the 7th-grade teachers worked collaboratively to develop a
3-week instructional sequence based on the Hydrogeology Challenge. As part of the curriculum,
school teachers and researchers at UNL developed activities and worksheets to go along with the
hydrogeology challenge as part of the curriculum module. In the module, students were afforded
opportunities to use the HGC to explore fundamental concepts related to groundwater and reason
about an environmental hazard scenario involving a contaminant spill. Module lessons involved
an array of whole-class, small group, and individual activities. In this study, students used the
Hydrogeology Challenge model to explore a scenario specific to Nebraska. This may give

students a better picture of the water cycle in their own environment and allow students to relate
the water cycle to their daily surroundings.
Data Collection
Hard copies of the HGC assessments were collected from each student in the classrooms.
Copies were scanned, saved electronically, and documents were blinded. This project has IRB
approval and students had their guardians’ consent to participate.
Data Analysis
The portion of the student task analyzed for this study is shown below in figure 2.
Students were asked to analyze six elements of the HGC and identify what each represents in the
real world. These answers were scored for accuracy. A scoring rubric was developed and
modified while reviewing the student assessments and was used throughout the scoring process.
Each question in the table was given an individual score of 0, 1 or 2. A score of two was given to
students who correctly identified what the model element represented in the real world. Partially
correct answers were given a score of 1, and wrong answers were given a 0. Inter-rater reliability
(IRR) of a 10% sample was assessed between two coders. There was a high level of inter-rater
reliability (k=0.836) and a 90% agreement between the coders in the first round of coding, so no
further coding was done.
All statistical analyses were performed using Statistical Packaging for the Social Sciences
(SPSS). A Kolmogorov-Smirnov test was used to determine whether the data were normally
distributed. The data were not normally distributed, so non-parametric tests (Mann-Whitney U
test and Wilcoxon signed-rank test) were used to analyze the student responses. Questions were
combined to give a total score for each of the three HGC pictures that were provided on the
assessment (questions 1 and 2 were combined, 3 and 4, and 5 and 6). The scores of questions that

were combined were added, making the highest possible score 4 per question set. These three
components of the assessment were analyzed, and questions were also analyzed individually.
Figure 2: Part A of assessment

Theme Analysis
Student responses that were assigned a score of one or zero during quantitative analyses
were further examined for reoccurring themes. Themes were extracted throughout the review of
responses, rather than prior to scoring. This allows for themes to emerge naturally, which limits
bias (Libarkin and Kurdziel 2002). After multiple reviews of the student responses, coding
categories were decided upon. Questions in the assessment that were similar and had alike
answers were combined for the qualitative analysis. Rows 2 and 4, shown in figure 2, were
combined, as well as rows 5 and 6. The questions in rows 2 and 4 asks student to identify the
wells, so incorrect answers had similar themes. Rows 5 and 6 ask students to explain what the
letters G and P represent, and again, similar themes were found within the responses to both.
Rows 1 and 3 were examined individually.

Results
Student Assessment Scores
To address our research question ‘Do students accurately identify the model elements?’,
student assessment scores were analyzed to determine if students were able to correctly identify
what the model elements represented. Students scored higher on portion one of the assessment,
which asked them to identify the dotted arrow and the letter A, than they did on portions two or
three. On question set one of the assessment, students had a mean score of 2.83, while question
sets two and three had mean scores of 2.19 and 2.23, respectively. The highest possible score per
question set was 4. Results of a Wilcoxon Sign-Rank test show that these differences between
scores on question set 1 and question sets 2 and 3, respectively, were statistically significant (Z =
-6.411, p = .000; Z = -4.34, p = .000), but that differences between students’ scores on question
sets two and three were not significant (Z = -.343, p = .732).
Figure 3:

Score

Average Student Assessment Scores
3.0
2.5
2.0
1.5
1.0
0.5
0.0
1

2

3

Question Set

To address our second research question ‘Do student assessment scores differ between
teachers?’, scores for each of the three portions of the assessment were compared between the
two classrooms using a Mann-Whitney U test. No statistically significant differences in students’

scores were observed between classes (U = 4819.500, p = .132; U = 4992.000, p = .276; U =
5045.000, p = .335), meaning student scores do not differ between teachers.
Student Interpretations
In our third research question, we asked, ‘What misunderstandings do students have
about the model elements, if any?’. To address this question, students’ responses were analyzed
qualitatively and sorted into themes. Results of these analyses yield three themes. First, students
struggled to interpret model components that represent wells, or human dimensions of
groundwater systems. For example, questions 2 and 4 ask students to identify the letter A, and
the letters B and C, respectively, each of which represents a well. A common misinterpretation
among students was about the water source itself (21 occurrences). These students recognized
that the letters on the map represent some kind of water, but they failed to understand that they
were wells. Some students gave oversimplified answers such as “water source”, while others
gave answers that were totally incorrect such as “waterfall”. Another common type of
misinterpretation involved students identifying the wells as the start or end point of the water
flow (12 occurrences). For example, students responded with “point where the water starts”, and
“the destination”, and other similar answers. Last, students misinterpreted the well symbols as
spots or locations on a map (9 occurrences). These students did not recognize that the symbols
represented wells, and they simply referred to them as some kind of map marker. Student
responses included answers such as “position on a map”, and “landmark”. Some students
misused the given information and gave responses that related to the numerical values that are
given within the model, rather than referring to the well itself. One numerical value given at each
of the wells is the elevation at that point. Many students mention the elevation at the well rather

than the well. Some students referred to the distance between the wells, which is another value
given within the model.
Table 1:
Q2 and Q4
Category

Description

Examples

# of
occurrences
13

Misusing given
information

Student is referring to the numerical
values in the model, instead of the
wells themselves

"The lowest elevation point"
"The two highest elevations"
"The distance between them"

Misinterpretation of
well symbol

See below

See below

42

Water or water
source

Student refers to well as a water
source, or another type of water
reservoir

21

Origin/destination

Refers to well symbols are a place
where water flow begins or ends

"Water source"
"Water tunnel"
“Different water holes you are
directed to”
"Where the water starts"
"The destination”
“Stopping points”

Map marker

Refers to well symbol as a spot on a
map, a location, or place of interest

"Position on map"
"A place"
"Landmark"

9

Unsure

Response does not fit into any
theme

12

No answer/don’t
know

Student stated they did not know or
gave no answer

43

Subcategories of
misinterpretation

12

A second theme revolved around students’ interpretation of model components that
represent physical geography and terrain, or the natural dimensions of water systems. For
example, question 3 asks students to identify the solid lines, which represent contour lines. A
common misinterpretation was that the solid lines were distance measurements (34 occurrences).
Many students gave answers such as “distance from one well to another”. Another common
misinterpretation involved students identifying the contour lines as water (33 occurrences). Some
students referred to the lines as “water paths” and others referred to them more specifically as
“rivers”. A smaller number of students explained the contour lines as connections between wells
by giving answers such as “pipes” or “connecting lines”. Students also referred to the contour

lines as landforms (29 occurrences). Some students in this category interpreted the lines as a
specific type of landscape, for example, “where the mountains are”. Other answers were broad
and may be seen as overinterpretations of contour lines, such as a “the physical terrain” or
“landforms”.
Table 2:
Q3
Category

Description

Examples

Incomplete
description

Description of contour lines is
not fully developed or does not
show total understanding

"Steepness"

# of
occurrences
7

Misinterpretation of
contour lines

See below

See below

103

Landscape

Student is referring to physical
terrain or landscapes rather
than contour lines

"Where the mountains are"
"Sand elevations"
"The physical terrain"

29

Water

Referring to contour lines as
some type of water source,
path, or flow
Referring to contour lines as
some sort of connection
between wells on the map
Misinterpreting contour lines
as distance measurements
Response does not fit into any
theme

"Water flow"
"Flow of groundwater"
"Rivers"
"Connection between wells"
"Water lines, pipes"
"Connecting lines"
"Distance between the two points"
"How far apart the wells are"

33

Subcategories of
misinterpretation

Connection between
wells
Distance between
wells
Unsure
No answer/don’t
know

Student stated they did not
know or gave no answer

7

34
6
26

Students’ responses to questions 5 and 6 also illustrate the theme of misinterpreting
model components which represent natural dimensions of water systems. These questions ask
students what the letters G and P represent. G stands for ground elevation and P stands for water
table elevation in pumping conditions. Each of these letters also has an elevation value next to it.
These answers have two parts students must answer correctly: what is being measured (ground or
water table), and the type of measurement (elevation). Misinterpretations of both the item being

measured and the type of measurement were found among student answers. For example, when
students were asked to identify the letter G, some identified it as “groundwater elevation”,
instead of ground elevation. Some students thought this was a measure of precipitation, and some
thought it was gradient. Students also misinterpreted these values as specific types of
measurements other than elevation and gave responses such as “length” and “how far to the next
well”. Students also misused the information within the model by referring to the well itself, or
the numerical values within the model that are given at each well. For example, instead of
explaining what G or P stood for, some students gave the elevation value that was next to the
letter.
Table 3:
Q5 and Q6
Category

Description

Examples

Incomplete
description

Mentions something about
ground or water table
elevation, or pumping
conditions, but does not give
the complete answer
Student refers to the well or
the numerical values at the
well, instead of the letter
meanings the well

"Pumping"
"Elevation"

Misusing given
information

"Highest elevation"
"Lowest elevation"
"A well"

Misinterpretation of
letters G or P

# of
occurrences
41

32

46

Subcategories of
misinterpretation
Misinterpretation of
item being measured
Misinterpretation of
type of measurement

Student referring to wrong
thing being measured, not
water table or ground
Student refers to value as
some other type of
measurement, not elevation

"Groundwater elevation" (Q5)

24

"Length"
"Perimeter”
“How far to the next well”
(distance)

28

Unsure

Response does not fit into any
theme

4

No answer/don’t
know

Student stated they did not
know or gave no answer

78

Finally, third, students misinterpreted model elements related to groundwater processes,
specifically flow direction and rate. For example, question 1 asks students to identify the dotted
arrow, which represents the flow direction of water. Students who misinterpreted the arrow
identified it as either a distance measurement, or a direction to something specific, rather than
simply the direction the water will flow. The most common incorrect answers (46 occurences)
were incomplete descriptions of the dotted arrow. Students in this category were close to correct
but were missing important parts or terms in their answers. For example, many students referred
to the arrow as “water flow”, but failed to mention direction.
Table 4:
Q1
Category

Description

Examples

Incomplete
description

Student mentions water flow,
or direction, but not both

"Water flow"

# of
occurrences
46

Misinterpretation
of flow direction

See below

See below

10

Distance

Refers to arrow as a distance
measurement

"Distance from one well to
another"

5

Direction to
specific
place/object
Unsure

Student describes arrow as
pointing to some other object

"Tells where the other wells are"
"Direction of the pipe"

5

Subcategories of
misinterpretation

No answer/don't
know

Response does not fit into any
theme
Student stated they did not
know or gave no answer

6
29

Discussion
First, study findings illustrate aspects of coupled human-water systems for which
students possess relatively high levels of understanding. In response to our first research
question, we found that students’ scores were significantly higher in question set 1 than in 2 or 3.
Question set 1 involves a question that asks students about the human dimensions of water
systems, and another that asks about a process. Question sets 2 and 3 both have questions that

involve students’ identifying natural dimensions of water systems. These results suggest that
students could more easily interpret water processes and components that involve human
dimensions of water systems than they could identify natural components. Many students were
able to identify the wells in the model, but it is also important for them to understand how
activity at these wells impacts the natural components, such as water table elevation. Students
also could more easily recognize water processes within the model than they could the natural
components. The water process asked about in the student task was water flow direction, which
is represented by an arrow. Many students were able to correctly identify the flow direction
representation, possibly because it is shown with an arrow which almost always indicates
direction of something. Together, these findings suggest students were relatively more easily
able to identify the source and direction of groundwater flow. Students’ personal ideas and
experiences influence their conceptions (Driver et al., 1985), which may be why they could more
easily identify human dimensions. They may be less familiar with the natural components and
did not recognize them within the model. Human components of groundwater systems, such as
wells irrigation systems, can be seen above ground, so students may have personal experiences
with these. To reason about water, a connected understanding of natural and human-engineered
water systems is necessary (Covitt et al., 2009).
However, second, results illustrate aspects of coupled human-water systems with which
students may struggle. One primary challenge for students revolved around identifying and
describing contour lines in the HGC. For example, question set 2 had one question (question 3)
that students did very poor on, which may be why this set was significantly lower than set 1. This
question had asked students to identify the solid lines, which represent contour lines. Most
students failed to recognize that these lines represented elevation, and often interpreted the line

as distance measurements. This may be because students have trouble understanding that a flat
map represents a complex, changing landscape (Rapp et al., 2007). Visualizing a 2-D map in 3-D
is difficult for students, but it is essential if they are to understand topography and what the lines
represent (Taylor et al., 2004). They also misinterpreted contour lines as other features of water
systems. For example, students often misinterpreted contour lines as water or water flow. Most
students did not specify whether they were referring to ground or surface water in their answer.
The few students who did gave answers such as “flow of groundwater”, to “rivers”. The idea that
groundwater flows like an underground river or stream is a common misconception (Unterbruner
et al., 2016). Students who referred to the contour lines as groundwater or groundwater flow may
have alternative ideas about how groundwater moves. Often, we see rivers and streams on maps
represented by curving lines on map, so students who are unfamiliar with contour lines may
confuse these. Some students referred to the contour lines as mountains even though the HGC
scenario was specific to Nebraska, not a mountainous area. This finding aligns with previous
research which has shown that students tend to think of the water cycle happening in
mountainous areas rather than the landscapes they live in (Shepardson et al., 2009). Students also
confused the contour lines with pipes or referred to the lines as connections between the wells,
which may be referring to some type of pipe or water transport system. Students did not
specifically say if they thought groundwater moved through these pipes, but the idea that
groundwater moves in pipes has been found to be a misconception among other students
(Dickerson et al., 2005). Even university students have trouble interpreting topographic maps
(Clark et al., 2008), so it is expected that seventh grade students might as well. Scores on
questions 5 and 6 in question set 3 also asked about elevation and had lower scores. These
questions ask students to identify the letters G and P, respectively. G stands for ground elevation,

and P stands for water table elevation in pumping conditions. Many students left this blank or
stated that they did not know the answer, suggesting that they did not understand these values
represented elevation. A smaller number of students misinterpreted these values as
measurements other than elevation such as length or distance. While using the HGC model,
students must use the different water table elevation values to determine groundwater flow
direction. If students do not understand these representations within the model, they may have
difficulty understanding the connection between water table elevation and flow direction of
water.

Summary and Conclusions
Water is a core topic in standards for science teaching and learning across the K12 continuum (NGSS Lead States, 2013; National Research Council [NRC], 1966), though
research has shown that the American public may possess relatively underdeveloped ideas about
water systems (AMNH, 2005). In this study, students’ ability to understand a groundwater
modeling tool, the HGC, was examined by analyzing student tasks. Findings provide important
insights into students’ model-based reasoning about coupled human-hydrological systems,
building upon and contributing to a body of research focused on teaching and learning about
water (Baumfalk et al., in press; Covitt et al., 2009; Dickerson & Callahan, 2006; Forbes et al.,
2015; Sadler et al., 2017; Zangori et al., 2017). We found that students could more easily identify
water processes and human components of water systems in the model than they could natural
components. Specifically, students struggle to interpret contour lines and elevation, which are
important to understand when learning about groundwater systems.

Why do these findings matter? Contemporary science is increasingly defined by
the use of complex, computer-based, data-driven models and there is evidence that using models
in the classroom can promote learning (Schwarz & White, 2005). Scientific modeling is one of
eight Science and Engineering Practices emphasized by the Next Generation Science Standards
(NGSS Lead States, 2013). Students can be afforded opportunities to use these models to learn
about the natural world, including water systems. To do so effectively, students must understand
what the components of the model represent. If students do not properly understand the models
they are using, it may hinder their learning (Cosgrove & Schaverien, 1997). Instructors may find
it difficult to teach about groundwater using only two-dimensional visuals, such as those shown
in the HGC model, given the complexity of groundwater systems (Dickerson et al., 2007). If
students are exposed to graphically enhanced 3-D visuals of contour maps before they are asked
to form explanations and conclusions using them, this may be helpful (Taylor et al., 2004).
Allowing students to experience and spend time around the geographical features they are
learning about may also help their learning (Mackintosh, 2005). Overall, groundwater education
is important because having a connected understanding of human-made and natural water
systems in the environment is essential when making decisions about water issues (Covitt et al.,
2009). A better understanding of groundwater systems can lead students to care more about
groundwater conservation (Pan and Liu 2018).
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